We studied the short-term vocalization rates of fallow bucks to determine the primary recipients of the signal conveyed by these rates. We used the contexts in which groans occurred to investigate whether the signal represented an intrasexual threat or an intersexual advertisement. We found that fallow buck groaning rates were highly variable and that this variation was associated with the contexts of groaning. Groaning rates were higher during the rut than during the prerut, and also higher when males were with females than when they were with other males. Males with females groaned at higher rates when other vocal males were nearby. We identified a postcopulation call that consisted of the highest groaning rates that males produced. The presence of a harem did not contribute to the variation in groaning rates, except to a minor extent in postcopulation rates. Our findings suggest that the signal transmitted by short-term vocalization rates is primarily a threat aimed at other males.
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Sexual selection has resulted in the evolution of vocal displays in males of many polygynous mammals, which are important in both intrasexual competition and mate attraction (Andersson 1994) . The information encoded in vocalizations may be transmitted through a number of vocal characteristics, for example, phonic structure (Conner 1985) , duration (Tyack 1981), loudness (Sekulic 1982) or vocalization rate (McComb 1991) . These categories are not necessarily exclusive and individuals may receive information from a combination of these characteristics (Shipley et al. 1981) . Nevertheless, many male vocal displays during the breeding season consist of repetitions of the same basic phrase or call (Gibson et al. 1991; McComb 1991; Gerhardt 1994) .
The evolution of repetitive display behaviour could have occurred in response to a number of selection pressures. Enquist & Leimar (1983) proposed that repetitive displays evolved in response to inaccuracies in the transmission of information and therefore, by repeating displays, signallers transmit information more accurately to receivers. Payne & Pagel (1996a , 1997 considered that repetitive displays evolved to represent the quality and stamina of the signaller because only high-quality individuals could afford to invest in such displays, particularly if they are expensive. The information that is transmitted through the repetition of a stereotyped display may also be related to the rate at which the display is performed (Guilford & Dawkins 1991; Endler 1992) . For example, Pacific treefrogs, Hyla regilla, produce advertisement calls that are attractive to females and emit encounter calls directed at males. These calls differ primarily in the pulse repetition rates within calls (Brenowitz & Rose 1999) . In addition, while repetitive calls are often highly redundant, they may be necessary particularly in noisy environments, such as during the fallow deer breeding season, when many males may be vocalizing in close proximity to one another (Jouventin et al. 1999; McElligott et al. 1999) .
The vocalizations of fallow bucks consist of stereotyped and repeated groans (Chapman & Chapman 1975) . The phonic structure of groans is individually distinct and therefore may act as a vocal signature (Kelly 1998; Reby et al. 1998 ). Vocal display is important for males because measures of long-term investment in groaning during the breeding season, for example the number of days on which the male is vocal and the proportion of time spent vocalizing, are related to mating success (McElligott et al. 1999) .
To date, no studies have specifically addressed the role of short-term vocalization rates in the breeding behaviour of fallow bucks. Several studies have proposed either an intersexual or intrasexual role for groaning without specifying what aspect of the display conveys the signal. For example, groaning may be used as a threat display between males for territory or resource defence (CluttonBrock et al. 1988; Apollonio et al. 1989 Apollonio et al. , 1990 Komers et al. 1997) . Clutton-Brock et al. (1988) also found that average short-term groaning rates were related to mating success. However, the causality in this relationship is
